Purpose The purpose of this study was to investigate the survival trends and patterns of failure in patients with stage II nasopharyngeal carcinoma (NPC) treated with radiotherapy (RT) and chemotherapy over the last 20 years.
Introduction
Nasopharyngeal carcinoma (NPC) is a malignant head and neck cancer with an unbalanced global distribution [1] . The highest incidences are observed in Southern China and Southeast Asia with a peak incidence of 50 cases per 100,000 [2] . Early lymphatic spread and high preference of distant metastasis is the natural behavior of an NPC [3] . In the early stage, the treatment of NPC mostly relies on radiotherapy (RT).
RT has been established as the primary treatment for NPC since 1965. Ever since, with the improvement of RT techniques and target volume delineation, the main RT method evolved from 2-dimensional conventional radiotherapy (2DCRT) to 3-dimensional conformal technique (3DRT), and now to intensity-modulated radiotherapy (IMRT) has made it possible to tailor the dose distribution to tumor volume. Meanwhile, owing to the low dose distribution to normal tissues, organs at risk such as brainstem, spinal cord, and optic chiasma can be better protected. It has been previously reported that overall survival (OS) has been improved in patients with NPC in the last two decades [4] [5] [6] [7] [8] . The 5-year OS rate was increased from 50% to 77% (1990-1999) and then to 85% (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) . Several factors contributed to the increase of survival outcome such as the use of IMRT, development of imaging technology and RT planning [9] [10] [11] [12] , use of more effective chemotherapy [13] , progress in the management of NPC and better supportive care of patients.
As the RT technique has improved in the last 20 years, we investigated the failure pattern and trend of survival and disease control in patients with stage II NPC in this period of time. Several studies have explored the change of prognosis of NPC patients with the development of the RT method. However, it was difficult to identify the significant difference in survival trends because of the small sample or short-term follow-up [14] [15] [16] [17] . Thus, in order to identify the failure patterns and trends of survival in patients diagnosed with stage II NPC, we conducted a large-scale retrospective analysis, which covered 3,808 patients with stage II NPC, diagnosed in 1990-2012.
Materials and Methods

Patient population
From 1990 to 2012, all the patients were restaged according to the seventh American Joint Committee on Cancer TNM staging manual [18] . Finally, 3,808 patients diagnosed with stage II NPC in our institute were included in this study. The eligibility criteria were as follows: (1) histopathologically confirmed NPC; (2) age  18 years; (3) received RT treatment; (4) radiologically measurable disease; (5) Karnofsky performance score > 60; (6) absence of pregnancy, lactation, and other malignant disease; and (7) normal renal and liver function. All patients were evaluated by a complete physical examination, head and neck computed tomography (CT)/magnetic resonance imaging (MRI), chest radiograph, abdominal sonography, electrocardiography, nasopharyngoscopy, bone scan, or positron emission tomography computed tomography (PET-CT), and complete blood test including differential cell counts and biochemical profile. Other patient information such as sex, age, hereditary NPC, smoking status, and information on concurrent disease (e.g., diabetes mellitus [DM]) was also collected after the pretreatment evaluations.
Treatment
All eligible patients were treated with RT based on the treatment principle for NPC patients at Sun Yat-sen University Cancer Center. In 2002 or earlier, the main RT method was 2DCRT; 3DRT/2-dimensional conformal technique with computed tomography simulator (CT-SIM)/IMRT was increasingly used since 2003. A total dose of 66-72 Gy at about 2 Gy per fraction was prescribed to planning target volume 5 daily fractions per week. These types of RT techniques and the design of the IMRT plan were reported in previous studies [19, 20] . In all, 820 patients underwent at least one cycle of cisplatin-based chemotherapy; of these, 490 patients received concurrent chemoradiotherapy (CCRT), 260 patients received induction chemotherapy (IC)+RT, and 70 patients received IC+CCRT.
Follow-up and outcomes
After the completion of treatment, patients were evaluated at least once every 3 months during the first 3 years and every 6 months thereafter until death. We conducted a complete physical examination of the patient at each follow-up visit. Nasopharyngoscopy, CT, MRI of the head and neck, chest radiography, abdominal sonography, bone scan or PET-CT were performed when tumor relapse occurred. Biopsy was used to confirm malignancy for patients with recurrent local or suspected residual disease.
Statistics
The primary study endpoint was OS, defined as the period from the date of treatment to the date of death from any cause. Then, we calculated the following parameters: pro- Values are presented as number (%). p-value was calculated with the Pearson chi-square test. 2DCRT, two-dimensional conventional radiotherapy; CT-SIM, computed tomography simulator; 3DRT, three-dimensional conformal radiotherapy; IMRT, intensity-modulated radiotherapy; CT, computed tomography; MRI, magnetic resonance imaging; PET, positron emission computer tomography; RT, radiotherapy; CRT, chemoradiotherapy; VCA, viral capsid antigen; EA, early antigen; NPC, nasopharyngeal carcinoma. a) 2DRT planed with CT-SIM, b) The VCA-IgA and EA-IgA detection were not carried out for all patients. 
Ethical statement
This study was approved by the Research Ethics Committee of the Sun Yat-sen University Cancer Center, China and performed in accordance with the principles of the Declaration of Helsinki. Written informed consents were obtained.
Results
Patient characteristics
A total of 3,808 consecutive patients (2,730 male and 1,078 female) with stage II NPC who received treatment between January 1990 and December 2012 at Sun Yat-sen University Cancer Center (median age, 46 years; range, 18 to 93 years) were enrolled. No significant differences were observed with respect to age and sex among patients in the four calendar periods (Table 1) . However, there were significant differences for the clinical stage, RT technique, image technique, type of treatment, viral capsid antigen IgA, early antigen IgA, smoking, DM, and family history of NPC (p < 0.05). As shown in Table 1 , the incidence of NPC patients with diabetes showed an increasing trend, while the incidence of NPC patients with smoking showed a decreased trend during the four calendar periods. In addition, an increasing number of patients underwent cisplatin-based chemotherapy after 2003.
Survival
The median follow-up period for the entire patient cohort was 84.7 months (range, 1 to 290 months). The details of the 3-, 5-, 7-, 10-, 15-, and 20-year OS, PFS, LRFS, and DMFS rates in the four calendar periods are illustrated in Table 2 . With regard to OS, the 3-year and 5-year OS rate increased from 87.1% and 78.7% in the first period to 97.4% and 94.5%, respectively, in the last calendar period. The 7-and 10-year OS rates also showed an increasing trend (except that there was no data on the 7-and 10-year OS rate for the period from 2008 to 2012). By 2007, the 7-and 10-year OS rate was up to 88.4% and 83.0%, respectively. The increasing trends of the 3-, 5-, 7-, and 10-year OS rates were statistically significant in patients diagnosed before and after 2003. Similar results were found in the 3-, 5-, 7-, and 10-year PFS rates and LRFS rates. However, regarding the DMFS rate, the 3-, 5-, 7-, and 10-year DMFS rates remained high (ranging from 87.6% to 96%) during the four calendar periods, which indicated a low distant metastasis rate for stage II NPC patients. We also found that the lowest DMFS rate was in the period 1997-2002, and a small percentage of patients were treated with chemotherapy during this calendar period.
As shown in Table 3 , the distant relapse rate decreased from 6.8% in the first period to 3.4% in the last calendar period, while the local relapse and regional relapse rates decreased from 19.6% and 12.2% in the first period to 1.7% and 1.2% in the last calendar period. From the statistics above, we found that the main pattern of treatment failure of NPC is the change from recurrence to distant metastasis.
The OS, PFS, LRFS, and DMFS curves of patients with stage II NPC diagnosed in the four calendar periods are shown in Fig. 1A -D. We found that there was a remarkable improvement in OS, PFS, and LRFS of the patients diagnosed in 2003-2007 and 2008-2012, compared with those diagnosed in 1990-1996 and 1997-2002, which showed that the differences of OS, PFS, and LRFS in patients among the four calendar periods were statistically significant (p < 0.001). Even though the difference of DMFS in patients among the four calendar periods was statistically significant (p=0.001), the DMFS curves of the patients diagnosed in [1990] [1991] [1992] [1993] [1994] [1995] [1996] [2003] [2004] [2005] [2006] [2007] , and 2008-2012 were superimposable. In addition, we found that there was a remarkable improvement in DMFS of those patients diagnosed in 1990-1996, 2003-2007, and 2008-2012 , compared with those diagnosed in 1997-2002.
The 5-year OS, PFS, LRFS, and DMFS rates of the four calendar periods subdivided by age-layers are shown in Fig. 2A-D. The 5-year OS, LRFS, and PFS rate of patients in all four age categories showed a rising trend ( Fig. 2A-C) . Interestingly, this increasing trend of LRFS rate was, in particular, most obvious in patients in the age categories of 50-59 and  60 years (Fig. 2C ). Fig. 2D shows that the 5-year DMFS rate, Recent studies have shown that the evolution of RT provided excellent locoregional control and enhanced OS in patients with NPC. To further assess the prognostic value of the RT technique in stage II NPC patients, 3,808 patients were divided into four groups, based on RT techniques. As shown in Fig. 3A -D, a remarkable improvement was seen in OS, PFS, and LRFS of patients treated with CT-SIM/3DRT/ IMRT, compared with those treated with 2DCRT, suggesting that the differences were statistically significant (p < 0.001), except for the DMFS (p=0.227). From the survival curves, we also found that the highest LRFS rate was in the cohort of the IMRT arms. This result indicated that IMRT improved locoregional control thanks to the evolution of RT technique. As almost all patients received 2DCRT before 2003, we fur-ther analyzed the patients' survival in the different RT method arms during 2003-2012 to avoid the potential bias, in which we found OS and LRFS were still higher in IMRT arm than 2DCRT. However, no significant difference was found in PFS and DMFS (Fig. 4A-D) .
Grouped by the treatment method, the differences in OS, PFS, and LRFS between the RT-alone and RT+chemotherapy group were significant except for DMFS (p < 0.001, p < 0.001, p < 0.001, and p=0.850, respectively) ( Fig. 5A-D) . Table 4 shows OS, PFS, LRFS, and DMFS at 3, 5, 7, 10, 15, and 20 years in the two groups. OS was higher for patients in the RT+ chemotherapy group than for patients in the RT-alone group at each time point. Similar results were found for PFS and LRFS, but there was no significant difference for DMFS.
A multivariate Cox proportional hazards model was generated that incorporated the following variables: age, sex, T (Table 5 ).
Discussion
The treatment of stage II NPC has mostly relied on RT. With the development of RT technique and target volume delineation, the RT method evolved from 2DCRT to IMRT and the CT-SIM and 3DRT belong to the intergradation. In this study, we aimed to assess the change of clinical outcome in patients diagnosed with stage II NPC in light of the evolution in RT methods. According to the development of image techniques and RT technology, patients were categorized into four calendar periods. To our best knowledge, this is the first large-scale cohort study with 3,808 patients and a relatively long-term follow-up of > 20 years. It was encouraging to see that the prognosis of patients with stage II NPC showed significant improvements in the last two decades in terms of OS, PFS, and LRFS, but not so with respect to DMFS.
The OS rate of patients was much higher since 2003 than before. The 5-year OS rate was 78.7%, 80.2%, 92%, and 94.5%, respectively, in the four calendar periods. This change is in accordance with the evolution of the RT method. As seen in Fig. 3 , patients in the CT-SIM/3DRT/IMRT arm showed more satisfactory clinical outcome than those in the 2DCRT arm. Previous reports also suggested that patients benefited from the evolution of RT technique [5, 8, 10, [14] [15] [16] [17] . Other factors may contribute to the result, such as the application of more effective chemotherapy [3, 21] ; salvage treatments including reirradiation [22] and surgery after relapse; advances in imaging technology; and supportive care improvement.
In terms of LRFS, the survival trends were obviously different in the last 20 years. The 5-year LRFS rate was 77.3%, 80.8%, 90.4%, and 95.4%, respectively, in the four calendar periods. We considered that the gradual performance of IMRT contributes to the improvement of locoregional control. As shown in Fig. 3 , a remarkable improvement in patients' LRFS was shown in the analysis on survival comparison between the 2DCRT arm and the IMRT arm during the entire study period from 1990 to 2012, which was likely because of the more satisfactory dose distribution covering the tumor target area and the higher radiation dose administered in IMRT than 2DCRT methods. Other studies also reported similar results that the IMRT changed the locoregional failure of the early-stage NPC [8, [23] [24] [25] .
Although the locoregional failure rate was controlled through the evolution of the RT method, we did not achieve the same improvement trend for survival according to DMFS. As shown in Table 2 , the 5-year DMFS rate was lowest in the period 1997-2002 (90.5%) and was similar in the other three calendar periods (93.8%, 94.7%, and 94. 3% in 1990-1996, 2003-2007, and 2008-2012, respectively) . The 5-year DMFS rate was higher in the first period than the second period, which is different from other survival indicators. The possible attributing factors include (1) more accurate imaging techniques such as with the advent of MRI, bone scan, and PET-CT that definitely allow more accurate detection of metastatic lesions, which may have been neglected in the period from 1990 to 1996; (2) the high recurrence rate and unsatisfactory salvage treatment partly contributed to patient mortality prior to the occurrence of distant metastasis; and (3) the application of chemotherapy was considered as the protective factor for distant metastasis among II stage NPC [26] . Meanwhile, a smaller percentage of patients treated with chemotherapy during this calendar period, which may be another reason for the higher metastatic rate. Furthermore, we found that distant relapse decreased from 6.8% in the first period to 3.4% in the last calendar period, while the local relapse and regional relapse decreased from 19.6% and 12.2% in the first period to 1.7% and 1.2% in the last calendar period, respectively. That is to say, in the early (1990-2002) era, local and regional recurrence was the main pattern of treatment failure, which was changed in the later period, in that distant metastasis became the most important factor leading to treatment failure.
According to previous studies, the application of chemotherapy was a protective factor for II stage NPC patients. Kang et al. [27] observed that concurrent treatment with 5-fluorouracil and cisplatin improved PFS and LRFS at 5 years significantly in patients with stage II NPC. Here, we evaluated the role of chemotherapy in 3,808 patients with stage II NPC treated with a longer median follow-up (84.7 months). All the potential prognostic factors were considered in multivariate analysis. Similarly, we found that application of chemotherapy benefited patients significantly in terms of OS, LRFS, and PFS, whereas DMFS was comparable between the two arms. These data supported the view that chemotherapy helps to control local disease and achieve long-term survival in stage II NPC.
Age is another important prognostic factor in NPC patients [28, 29] . To explore the survival change of patients in different VOLUME 51 NUMBER 4 OCTOBER 2019 1461 age groups, we divided our patients into four subgroups ( 39, 40-40, 50-59, and  60 years). In patients diagnosed with stage II NPC, the OS, PFS, and LRFS rates showed increasing trends in all age groups. In terms of OS, we could see that the 5-year OS rate was increased by 15%-18% in all of the age groups. In the same calendar period, patients in the younger age group revealed higher survival rate. Similarly, the 5-year LRFS rate of patients with NPC stage II in all age groups increased over time owing to advanced techniques and better treatment, in particular among patients aged > 50 years, which achieved about 23% increase in the 5-year LRFS rates. The 5-year DMFS rates of patients in all the age groups remained stable and high among the four calendar periods, ranging from 87% to 97%.
We acknowledge that our study has some limitations. First, the data were collected from a single institution, and the results should therefore be validated by multi-centric clinical study. Second, it was challenging to update accurate data about the late RT-toxicities as time passed by, so we were unable to compare the rates of the side effects of RT in the different calendar periods. Third, only patients with stage II NPC were included in the discussion, so this study cannot fully reflect the prognostic tendencies and failure patterns of other stages of NPC. Nevertheless, we believe our results are promising from the treatment progress of stage II NPC in the last 20 years. This has encouraged us to conduct further studies on patients with local-advanced NPC, which are presently ongoing with interesting and encouraging results.
Conflicts of Interest
Conflict of interest relevant to this article was not reported.
